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ABSTRACT 


For the past several decades, it has been thought that Colostethus inguinalis (Cope, 1868) 
(type species of Prostherapis Cope, 1868) is distributed in the Choc6 region of western Co- 
lombia and throughout much of Panama. This study shows that C. inguinalis is a Colombian 
endemic known only from the lowlands of the Chocdéd and Magdalena Valley—an unusual 
distribution pattern among dendrobatids but one shared with a several other anuran species 
typically known from the Chocé region. Colostethus cacerensis Rivero, 2000 *‘1995”’ is argued 
to be a junior synonym of C. inguinalis. The available name for the tetrodotoxin-possessing 
species found in Panama is C. panamensis (Dunn, 1933), which is redescribed. The first record 
of C. panamensis in Colombia is also reported. Colostethus inguinalis and C. panamensis 
differ from each other in ventral coloration of adult males and adult females, flank coloration, 
head coloration, relative tympanum size, and mean adult female snout-vent length. Colostethus 
latinasus (Cope 1863) (type species of Colostethus Cope, 1866) is most similar to C. pana- 
mensis but differs in a variety of characters, including ventral coloration and toe webbing. 
The exact provenance of the neotype of C. latinasus is unclear, but material that agrees closely 
with it was collected in Panama in the Serrania de Pirre; specimens previously reported as C. 
latinasus from Cerro Mali in the Serrania del Darién are not conspecific with that taxon and 
represent an undescribed species to be named elsewhere. It is doubtful that the Colombian 
holotype of C. latinasus (lost for over 80 years) was conspecific with the Panamanian neotype, 
and specimens that agree with the neotype have yet to be discovered in Colombia. Limited 
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data on tadpole transport provide additional evidence for the validity of several species of 
Colostethus that occur in western Colombia and Central America: Nurse frogs of C. pana- 
mensis and C. pratti (Boulenger, 1899) appear to be exclusively female, of C. talamancae 
(Cope, 1875) both sexes have been reported, and of C. flotator (Dunn, 1931), C. nubicola 
(Dunn, 1924), and Colostethus sp. from Cerro Mali they appear to be exclusively male. The 
phylogenetic significance of these observations awaits further analysis. 


RESUMEN 


Durante las ultimas décadas se ha pensado que Colostethus inguinalis (Cope, 1868) (la 
especie tipica de Prostherapis Cope, 1868) esta distribuido ampliamente en la regidn chocoana 
del norte de Colombia y gran parte de Panama. En el presente estudio se demuestra que C. 
inguinalis es una especie endémica de Colombia que se encuentra en las tierras bajas del norte 
del Choco y el Valle del Magdalena. Este patrén de distribucién es poco usual entre los 
dendrobatidos pero ocurre en otras especies de anuros tipicamente conocidas en el Chocé. 
Colostethus cacerensis Rivero, 2000 *‘1995’’ es un sindnimo menor de C. inguinalis. El nom- 
bre disponible para la especie distribuida en Panama y que posee tetrodotoxina es C. pana- 
mensis (Dunn, 1933), la cual se redescribe en el presente articulo. Se reporta el primer registro 
de C. panamensis en el territorio colombiano. Colostethus inguinalis difiere de C. panamensis 
en aspectos de coloraci6n ventral de machos y hembras adultos, coloracién del flanco, colo- 
raci6n de la cabeza, tamafio relativo del timpano, y longitud rostro-cloacal promedia de las 
hembras adultas. Colostethus latinasus (Cope, 1863) (la especie tipica de Colostethus Cope, 
1866) comparte su mayor similitud con C. panamensis pero difiere de éste en varios caracteres, 
inclusive la coloraci6n ventral y palmeadura, entre otros. El origen exacto del neotipo de C. 
latinasus es confuso, pero material que concuerda con el neotipo fue obtenido en Panama en 
la Serrania de Pirre; otros especimenes de Cerro Mali en la Serrania del Darién reportados 
anteriormente como C. latinasus no son conespecificos con ese tax6n y representan un especie 
no descrita que sera nombrada en otro estudio. Es dudoso que el holotipo colombiano (perdido 
durante mas de 80 afios) fuera conespecifico con el neotipo panamefio y no se conocen ejem- 
plares conespecificos con el neotipo en Colombia. Los datos limitados sobre el transporte de 
larvas ofrecen evidencia adicional sobre la validez de varias especies de Colostethus en el 
occidente colombiano y Centro América: En C. panamensis y C. pratti (Boulenger, 1899) las 
hembras transportan los renacuajos, en C. talamancae (Cope, 1875) son ambos sexos, y en C. 
flotator (Dunn, 1931), C. nubicola (Dunn, 1924) y Colostethus sp. de Cerro Mali son los 
machos. El significado filogenético de estas observaciones requiere mayor analisis. 
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As evidence accumulates on the phyloge- 
ny of dendrobatid frogs, it is important that 
species identities be examined closely to en- 
sure that the full extent of diversity is taken 
into account. Of special concern are the type 
species of Colostethus Cope, 1866 and the 
three genera currently in its synonymy 
(Prostherapis Cope, 1868, Hyloxalus 
Jiménez de la Espada, 1871 ‘1870’, and 
Phyllodromus Jiménez de la Espada, 1871 
**1870”’), because a monophyletic taxonomy 
will almost certainly require that Colostethus 
be redelimited. Coloma (1995) clarified the 
identity of C. fuliginosus (Jiménez de la Es- 
pada, 1871 ‘‘1870’’), the type species of 
Ayloxalus, and C. pulchellus (Jiménez de la 


Espada, 1871 ‘*1870’’), the type species of 
Phyllodromus. The identity of C. latinasus 
(Cope, 1863), the type species of Colostet- 
hus, is simplified somewhat by Savage’s 
(1968) designation of a neotype, but some 
problems remain and are addressed below. 
The primary objective of the present study is 
to clarify the identity of C. inguinalis (Cope, 
1868), the type species of Prostherapis, and, 
in the process, to resurrect C. panamensis 
(Dunn, 1933), which has been in the syn- 
onymy of C. inguinalis for nearly half a cen- 
tury. 

The Panamanian species known for the 
last several decades as Colostethus inguinalis 
is among the best studied of all dendrobatids. 
Duellman (1967) reported its chromosome 
number (7 = 12, 2n = 24). Wells (1980a, 
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1980b, 1981) performed extensive behavior- 
al studies and reported courtship, reproduc- 
tive, and developmental data, vocalizations, 
interspecific interactions, and well-defined 
spatial organization maintained through ag- 
onistic behavior by both sexes (see also 
Duellman, 1966). Pough and Taigen (1990) 
included it in their study of metabolic cor- 
relates of foraging and social behavior, as did 
Toft (1981, 1995) and Simon and Toft (1991) 
in their studies of diet specialization and Toft 
(1980) in her study of seasonal abundance. 
And Daly et al. (1994) reported tetrodotoxin 
in skin secretions of this species (samples 
from El Valle de Antén and Cerro Campana), 
which remains unknown in other dendroba- 
tids. (See also Ibafiez D. et al., 1999 for gen- 
eral comments.) 

In contrast to the many aspects of the bi- 
ology of this species that have been studied 
extensively, its taxonomy has not attracted 
serious attention since the late 1960s. Recent 
examinations of types and extensive addi- 
tional material from Panama and Colombia 
indicate that C. inguinalis is endemic to Co- 
lombia and that the Panamanian species 
should be known as C. panamensis. 


TAXONOMIC AND NOMENCLATURAL 
HISTORY 


Cope (1868) named the new genus and 
species Prostherapis inguinalis on the basis 
of a single adult female (fig. 1A) taken along 
Rio Truand6 in Colombia. Boulenger (1882) 
reported three more specimens from Colom- 
bia, Ecuador, and British Guiana. Peracca 
(1904) reported numerous specimens from 
the Rio Santiago valley in southeastern Ec- 
uador. Barbour and Noble (1920) reported on 
additional Peruvian specimens, which they 
described as having pink flash colors. How- 
ever, there is no indication that they exam- 
ined the holotype, and, although they did not 
provide catalog numbers or locality data, No- 
ble (1926: 9) reported the species to occur in 
sympatry with Dendrobates [now Epipedo- 
bates] braccatus; the pink flash colors and 
locality data (assuming Noble was referring 
to the same specimens seen by Barbour and 
Noble) suggest that the specimens were not 
conspecific with the northwestern Colombian 
species. Accordingly, Parker (1935: 506) 
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concluded that at least some of Boulenger’s 
and all of Barbour and Noble’s specimens 
must have been Phyllobates [now Epipedo- 
bates| femoralis (he did not examine their 
material). Cochran and Goin (1970: 40) con- 
curred that the specimens Barbour and Noble 
and (presumably) Noble had seen were ac- 
tually Prostherapis [now Epipedobates| fe- 
moralis—although they did not discuss evi- 
dence in support of that claim, and Rivero 
and Serna (1989 *1988’’) disputed Cochran 
and Goin’s identification of most of the spec- 
imens they had referred to Colostethus in- 
guinalis (as Phyllobates sensu Cochran, 
1966). The identity of Peracca’s (1904) spec- 
imens has not been reexamined, but it is 
highly doubtful that they are conspecific with 
the northwestern Colombian species; Perac- 
ca’s specimens were collected together with 
Epipedobates parvulus (reported by Peracca 
as the new species Prostherapis festae; see 
Coloma, 1995). 

Subsequent to Barbour and Noble’s spec- 
imens, no new specimens of Colostethus in- 
guinalis were reported until Breder (1946) 
discussed a number of Panamanian speci- 
mens under the name Prostherapis inguina- 
lis. Breder also indicated that Dunn (1940) 
had mistakenly referred specimens of this 
species to Hyloxalus fuliginosus (see also 
Savage, 1968, and Remarks under Colostet- 
hus panamensis, below). Evans (1947) re- 
ported a single specimen of Phyllobates in- 
guinalis from El Valle; although he did not 
provide specimen numbers, Evans was most 
likely referring to adult female AMNH 
52738 (AMNH 52739 is a conspecific adult 
male and was also collected by Evans, but 
only AMNH 52738 is listed on either the 
geographic or taxonomic index cards used at 
that time). 

In the meantime, Dunn (1933) described 
Ayloxalus panamansis on the basis of seven 
specimens (holotype shown in fig. 1B) from 
El Valle de Anton, Panama. Without com- 
ment, Dunn (1940) emended the specific 
name to panamensis. Although this is not a 
justified emendation (fide Articles 32.5 and 
33 of ICZN, 1999), a petition has been sub- 
mitted (Grant et al., in press) to the Interna- 
tional Commission on Zoological Nomencla- 
ture to validate the emended spelling, and I 
treat it as valid pending the Commission’s 
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Fig. 1. Dorsal and ventral views of type specimens of three species currently placed in Colostethus. 
A: Prostherapis inguinalis (holotype, adult female, 27.6 mm SVL, type species of Prostherapis), USNM 
4349. B: Hyloxalus panamensis (holotype, adult male, 24.5 mm SVL), MCZ 19209. C: Phyllobates 
latinasus (neotype, adult female, 30.3 mm SVL, type species of Colostethus), USNM 50198. 
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decision. Breder (1946) did not treat Hylo- 
xalus panamensis except to point out that 
some of the specimens Dunn (1940) had re- 
ferred to that taxon were Phyllobates [now 
Colostethus| pratti. 

Until 1957, Dunn followed Noble’s (1922, 
1923, 1926) scheme of relationships, where- 
by Hyloxalus Jiménez de la Espada, 1871 
“1870”? was diagnosed as having toe web- 
bing and teeth (Savage, 1968, incorrectly at- 
tributed that characterization of Hyloxalus to 
Dunn, 1931), Phyllobates Duméril and Bi- 
bron, 1841 as having teeth but no toe web- 
bing, and Dendrobates Wagler, 1930 as hav- 
ing neither teeth nor toe webbing. Barbour 
and Noble (1920) had previously concluded 
that Prostherapis was a subjective synonym 
of Phyllobates. After examining the holotype 
of Prostherapis inguinalis, Dunn (1957: 77) 
concluded that Hyloxalus and Prostherapis 
were congeneric and, moreover, that Prost- 
herapis inguinalis was “‘conspecific with the 
Panama forms” previously referred to Hylo- 
xalus, i.e., Hyloxalus panamensis.?, Accord- 
ingly, Prostherapis was removed from the 
synonymy of Phyllobates, Hyloxalus became 
a junior synonym of Prostherapis, and Prost- 
herapis panamensis passed into the synony- 
my of Prostherapis inguinalis. Nevertheless, 
Fouquette (1960) reported a new record of 
Ayloxalus panamensis. Heatwole and Sexton 
(1966) treated the taxon as the subspecies 
Phyllobates inguinalis panamensis. Duell- 
man (1966) recognized Prostherapis pana- 
mensis as a valid species, but the following 
year he (Duellman, 1967) recognized Prost- 
herapis inguinalis. Savage’s (1968) highly 
influential paper on Central American den- 
drobatids decisively established that Prost- 
herapis inguinalis and Hyloxalus panamensis 
were conspecific. Savage also concluded that 
Prostherapis (including Hyloxalus) was a ju- 
nior synonym of Colostethus Cope, 1866, 
making the Panamanian species Colostethus 
inguinalis. Savage’s conclusions were largely 
adhered to by all subsequent workers, in- 
cluding Edwards (1971) and Silverstone 


? Although his views were not published until after 
his death, it appears that Dunn arrived at this conclusion 
about the identity of the Panamanian species as early as 
1947 when he “‘checked”’ Evans’s (1947) identification 
of (presumably) AMNH 52738 from El Valle as Phyllo- 
bates inguinalis. 
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(1976: 6)—the sole exception being Cochran 
and Goin (1970), who followed Cochran’s 
(1966) generic arrangement and did not treat 
Ayloxalus panamensis—leading workers to 
believe Colostethus inguinalis to occur from 
northern Colombia through much of lowland 
Panama. 


MATERIALS AND METHODS 


As noted previously (Grant and Rodri- 
guez, 2001), a cladistic delimitation of Co- 
lostethus is lacking and species are referred 
to this genus simply because they cannot be 
assigned to any named clade of dendrobatids. 
To facilitate species determination, C. ingui- 
nalis and C. panamensis are diagnosed from 
each other as well as all other currently rec- 
ognized species of Colostethus from Panama 
and the lowlands of northern Colombia: C. 
chocoensis (Boulenger, 1912), C. flotator 
(Dunn, 1931), C. imbricolus Silverstone, 
1975, C. lacrimosus Myers, 1991, C. lati- 
nasus, C. lynchi Grant, 1998,° C. nubicola 
(Dunn, 1924), C. pratti (Boulenger, 1899), 
and C. talamancae (Cope, 1875). 

Measurements were taken to 0.1 mm with 
dial or digital calipers. Unless otherwise not- 
ed, measurements and proportions are given 
for adults only, as determined by examina- 
tion of gonads and secondary sex characters. 
Males with vocal slits on both sides of the 
mouth were scored as adult, those with only 
one as subadult, and those lacking slits on 
both sides as juvenile. Females with expand- 
ed, convoluted oviducts and enlarged ova 
were considered to be adult, those with only 
weakly expanded, non- or weakly convoluted 
oviducts and poorly differentiated ova to be 
subadult, and those with small, undifferenti- 


3 Grant (1998) questioned the veracity of the locality 
data for the only known specimen of C. lynchi, which 
place it in the Chocoan lowlands of Antioquia. The 
grounds for questioning the locality were the putative 
grouping of C. lynchi with C. edwardsi + C. ruizi on 
the basis of the synapomorphic cloacal sheath (Lynch, 
1982) and the fact that the original tag was not on the 
specimen when it was examined. However, although 
new material has not been obtained to corroborate the 
locality data, examination of extensive material of most 
species of dendrobatids has caused me to doubt the va- 
lidity of that character, which is also claimed as a syna- 
pomorphy of Nephelobates (La Marca, 1994). I therefore 
include C. lynchi in the Chocoan fauna for the present 
purposes. 


6 AMERICAN MUSEUM NOVITATES 


ated ova and unexpanded, straight oviducts 
to be juvenile. Statistical summaries of mea- 
surements are reported as the mean = stan- 
dard error of the mean, and statistical tests 
were run using SAS software version 8.02. 
Toe webbing formulas follow Myers and 
Duellman (1982; see also Savage and Heyer, 
1967, 1997). Ear terminology follows Lynch 
and Duellman (1997). Diagnostic characters 
are derived from Edwards (1974), Myers et 
al. (1991), Coloma (1995), Grant et al. 
(1997), Grant and Castro-Herrera (1998), and 
Grant and Rodriguez (2001). 

Institutional abbreviations are AMNH 
(American Museum of Natural History), 
ANSP (Academy of Natural Sciences of 
Philadelphia), CSJ (Colegio San José, Me- 
dellin), IAvH (Instituto de Investigacién de 
Recursos Biol6gicos Alexander von Hum- 
boldt), ICN (Instituto de Ciencias Naturales, 
Universidad Nacional de Colombia), KU 
(University of Kansas Natural History Mu- 
seum), LACM (Natural History Museum of 
Los Angeles County), MCZ (Museum of 
Comparative Zoology, Harvard University), 
MHUA (Museo de Historia Natural, Univer- 
sidad de Antioquia), SIUC (Southern Illinois 
University at Carbondale), UMMZ (Univer- 
sity of Michigan Museum of Zoology), 
USNM (National Museum of Natural His- 
tory, Smithsonian Institution), and UVC 
(Universidad del Valle, Cali). 


SYSTEMATICS 


Colostethus inguinalis (Cope, 1868) 
Figures 1A, 2, 3A, 4 


Prostherapis inguinalis Cope, 1868: 137. Holo- 
type USNM 4349. Type locality: “‘river Truan- 
do, New Granada [= Colombia]”’ (p. 138). 

Phyllobates inguinalis—Barbour and Noble, 
1920: 399 [Based on specimens of Epipedoba- 
tes femoralis fide Parker, 1935]; Cochran, 1966: 
65; Cochran and Goin, 1970: 59 (part). 

Colostethus inguinalis—Savage, 1968: 751 (part). 

Colostethus cacerensis Rivero and Serna, 2000 
“1995”: 52 (part). Holotype CSJ 1851. Type 
locality: ““Quebrada La Ceiba, Municipio Ca- 
ceres, a unos 10 km. de El Jardin atravesando 
el Rio Cauca hacia el Rio Nechi, 7 35’ N 75 
21’ O [W], 85 m., Departamento de Antioquia, 
Colombia’’; NEW SYNONYMY. 


DIAGNOsIS: A moderate-sized dendrobatid 
(males to a maximum of about 27 mm SVL, 
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females to about 30 mm SVL); finger III 
swollen in adult males; throat and (usually) 
chest and anterior belly black in adult males, 
white (unpigmented) or faintly pigmented 
gray or brown in adult females; black arm 
band of adult males absent; testes with vary- 
ing degrees of brown reticulation; toes mod- 
erately webbed; pale dorsolateral stripe ab- 
sent; pale oblique lateral stripe present, ex- 
tending from groin midway to eye; pale ven- 
trolateral stripe present; median lingual 
process absent; cloacal tubercles absent. 

Colostethus inguinalis is readily distin- 
guished from C. panamensis by the solid 
black throat (black pigmentation extending 
posteriad onto chest and anterior belly) of 
adult males, in contrast to the immaculate or 
faint, irregular stippling or spotting in adult 
male C. panamensis (compare figs. 2 and 6— 
7). Adult female C. inguinalis are distinctly 
paler ventrally than adult males, being either 
immaculate or having faint, scattered stip- 
pling, whereas adult female C. panamensis 
are distinctly darker ventrally than adult 
males, being brown with irregular white 
spots, forming a mottled or reticulated pat- 
tern (compare figs. 2 and 6—7). The flank be- 
tween the ventrolateral and oblique lateral 
stripes has scattered diffuse white spots and 
flecks in C. inguinalis (most prevalent in fe- 
males), whereas that region is solid dark 
brown in C. panamensis (fig. 3). The ante- 
roventral half of the tympanum is pale (white 
or gray) in C. inguinalis, whereas the entire 
tympanum is dark brown in C. panamensis 
(fig. 3). The tympanum of C. inguinalis is 
well defined and larger (32-47% of eye 
length), whereas that of C. panamensis is in- 
conspicuous and smaller (26-41% of eye 
length). Mean male SVL does not differ sig- 
nificantly between the two species (¢t = 1.23, 
P = 0.2221), but the mean female SVL of 
25.94 mm for C. inguinalis is significantly 
less than the 26.84 mm for C. panamensis (t 
= 2.98, P < 0.05). 

Among the other nine named species of 
Colostethus known to occur in Panama and 
the lowlands of northern Colombia, C. in- 
guinalis differs from all but C. nubicola and 
C. talamancae in having a solid black throat 
in adult males. From C. nubicola it differs in 
adult SVL (maximum in C. nubicola is about 
21 mm for males and 22 mm for females) 
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Fig. 2. Ventral and dorsal views of adult female (A: LACM 42409, 28.2 mm SVL, one of the 
darkest females observed) and adult male (B: LACM 42329, 26.9 mm SVL) specimens of Colostethus 
inguinalis. 


and the possession of a partial pale oblique 
lateral stripe extending from the groin mid- 
way to the eye (complete in C. nubicola). 
Colostethus inguinalis differs from C. tala- 
mancae in lacking a pale dorsolateral stripe 
(present in C. talamancae) and possessing a 


partial oblique lateral stripe (absent in C. ta- 
lamancae). 

Colostethus inguinalis differs from C. cho- 
coensis and C. lacrimosus in toe webbing 
(extensive in C. chocoensis and C. lacrimo- 
sus), swelling of the third finger in adult 
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Fig. 3. Lateral views of Colostethus inguina- 
lis (A: LACM 42417, adult female, 27.5 mm 
SVL) and C. panamensis (B: AMNH 87297, adult 
female, 24.9 mm SVL). Note the pale postocular 
stripe crossing the anteroventral two-thirds of the 
well-defined tympanum of C. inguinalis versus 
the solid dark brown color of the inconspicuous 
tympanum of C. panamensis. 
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males (not swollen in C. chocoensis and C. 
lacrimosus), adult male throat coloration 
(ammaculate or irregularly and faintly stip- 
pled in C. chocoensis and C. lacrimosus), 
and possession of a partial pale oblique lat- 
eral stripe (absent in C. chocoensis and C. 
lacrimosus); it further differs from C. lacri- 
mosus in lacking the median lingual process. 
Colostethus inguinalis differs from C. flota- 
tor in adult male throat coloration (gray in 
C. flotator), adult SVL (maximum in C. flo- 
tator is about 18 mm for males and 19 mm 
for females), and in having more extensive 
toe webbing. It is diagnosed from C. imbri- 
colus by ventral coloration (entire venter 
dark with pale spots in both sexes of C. im- 
bricolus), the absence of discrete, bright or- 
ange axillary, inguinal, and shank flash 
marks (present in C. imbricolus), and ear col- 
or (otic region entirely brown in C. imbri- 
colus). Colostethus inguinalis differs from C. 
latinasus in degree of toe webbing (absent 
between all toes or barely detectable between 
toes HI and IV in C. latinasus), testis color 
(white, unpigmented in C. latinasus), and 
ventral coloration (throat and chest brown 
with white spots forming mottled pattern in 
C. latinasus, darker in adult males; see fig. 
8). Colostethus inguinalis differs from C. 
lynchi in that the pale oblique lateral stripe 
extends from the groin only midway to the 
eye (complete between groin and eye in C. 
lynchi); females of these species differ in 
ventral coloration (brown with irregular 
white spots, forming a faint, mottled or re- 
ticulated pattern in C. lynchi; male C. lynchi 





Fig. 4. Ontogenetic variation in male ventral coloration of Colostethus inguinalis. Left to right: 
LACM 42522 (subadult, left vocal slit open, 21.0 mm SVL), LACM 42437 (adult, 23.0 mm SVL), 
LACM 42402 (adult, 23.4 mm SVL), LACM 42334 (adult, 27.4 mm SVL). 
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unknown). Colostethus inguinalis and C. 
pratti differ in adult SVL (maximum known 
in C. pratti is about 24 mm for males and 25 
mm for females), toe webbing (absent in C. 
pratti), and adult male throat coloration (pale 
gray or brown with irregular white spots, 
forming a faint, mottled or reticulated pattern 
in C. pratti). 

MEASUREMENTS OF HOLOTYPE (in mm): 
The holotype (USNM 4349; fig. 1A) is an 
adult female with large (ca. 2 mm diameter) 
pigmented (brown) ova. SVL 27.6; forearm 
length from proximal edge of palmar tuber- 
cle to outer edge of flexed elbow 6.4; hand 
length from proximal edge of palmar tuber- 
cle to tip of third finger 6.6; shank length 
from outer edges of flexed knee to heel 12.3; 
foot length from proximal edge of outer 
metatarsal tubercle to tip of fourth toe 11.5; 
head width between angle of jaws 9.3; head 
length diagonally from corner of mouth to tip 
of snout 8.4; eye length from posterior to an- 
terior corner 3.8; eye to naris distance from 
anterior corner of eye to center of naris 2.7; 
distance between centers of nares 3.4; snout 
length from anterior corner of eye to tip of 
snout 4.4; interorbital distance 2.6; greatest 
length of tympanum 1.5. 

MOorRPHOLOGY: Adult males 22.0—27.4 mm 
SVL (VN = 50, * = 24.34 + 0.22 mm); testes 
with brown reticulation, varying from almost 
immaculate white with brown reticulation 
medially and anteriorly (e.g., LACM 42332, 
42344, 42363) to almost solid brown (e.g., 
LACM 42434, 42488); extent of melanosis 
not correlated with SVL, extent of dark ven- 
tral coloration, or maturity; testis length ap- 
proximately one-third eye length. Subadult 
males LACM 42522 and 42526 21.0 mm and 
20.7 mm SVL, respectively. Adult females 
22.8-29.7 mm SVL (N = 54, x = 25.94 + 
0.18 mm). Mature oviducts unpigmented 
(white), strongly convoluted and swollen; 
mature ova dark brown, ca. 1.6—2.0 mm di- 
ameter. Eighteen subadult females 22.8—26.2 
mm SVL, although, given the complete over- 
lap with adult SVLs, it is likely that some or 
all of these may in fact be reproductively in- 
active adults. 

In preservative, skin of dorsal and lateral 
surfaces with low, inconspicuous granules, 
more prominent posteriorly. Ventral surfaces 
smooth except for extensively wrinkled re- 
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gion of uninflated vocal sac in adult males. 
Postrictal (one or two) and preaxillary (one) 
tubercles moderately enlarged. Head width 
between angle of jaws 31-36% of SVL, 1.0— 
1.2 times head length. Interorbital distance 
25-33% of head width. Snout sloped, bluntly 
rounded in dorsal aspect, almost truncate. 
Canthus rostralis well defined. Loreal region 
flat or weakly concave, vertical, not sloping 
to lips. Eye length 34-50% of diagonal head 
length. Eye—naris distance 54-59% of snout 
length, 64-76% and 69-79% of eye length 
in males and females, respectively. Nares 
slightly protuberant, directed posterodorsad. 
Tympanum well defined, concealed postero- 
dorsally by low supratympanic bulge formed 
by overlying superficial slip of m. depressor 
mandibulae; greatest length of tympanum 
34-47% of eye length. Teeth present on 
maxillary arch. 

Hand length 24—29% of SVL and 1.0-1.3 
times forearm length. Discs moderately ex- 
panded. Finger III clearly swollen along pre- 
and postaxial surfaces of adult males, most 
exaggerated along preaxial surface. Preaxial 
surface of finger Il bearing distinct fringe in 
both sexes but not swollen. Finger HI not 
swollen in adult females or juveniles. Fingers 
fringed. Metacarpal fold absent. Appressed 
finger I longer than finger II; fingers II and 
IV extended to distal edge of distal subarti- 
cular tubercle of finger III. Relative lengths 
of appressed fingers IV = II < I < Il. Su- 
barticular tubercles 1—1—2—2. Supernumerary 
tubercles absent. All tubercles strongly pro- 
tuberant except distal subarticular tubercle of 
swollen finger HI in adult males, in which it 
is diffuse; subarticular and thenar tubercles 
elliptical; palmar tubercle subcircular. 

Shank and foot length 40-49% and 40-— 
48% of SVL, respectively. Relative lengths 
of appressed toes I < II << V < III < IV. Toe 
III extended to midlevel of antepenultimate 
phalanx of toe IV; toe V to middle of pen- 
ultimate subarticular tubercle. Toe webbing 
moderate except between IV and V, which is 
basal or absent; webbing formula I 1% or 2-— 
2* IT 1% or 2°-3% or 3° TT 2%-3% or 41V 
4%-—3~ V (when present between IV and V). 
Fringes strong on all toes. Discs moderately 
expanded. Tubercles strongly protuberant. 
Subarticular tubercles 1—1—2—3-—2. Inner 
metatarsal tubercle elongate. Outer metatar- 
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sal tubercle subcircular, smaller than inner 
metatarsal tubercle. Medial metatarsal tuber- 
cle present in most specimens, ranging from 
well-defined, conspicuous tubercle (e.g., 
LACM 42439) to inconspicuous swelling 
(e.g., LACM 42464); of 100 specimens cod- 
ed, medial metatarsal tubercle not detected in 
7 (see Myers et al., 1991: 23-24). Outer 
metatarsal fold present in all specimens, not 
thickened to form low tubercle. Tarsal keel 
prominent, weakly curved, expanded proxi- 
mally but not forming tuberclelike protuber- 
ance, continuous with inner metatarsal tuber- 
cle. 

COLOR IN PRESERVATIVE: Dorsum brown 
with dark brown blotches. Pale dorsolateral 
Stripe absent. Flank brown or (usually) dark 
brown broken by white or cream oblique lat- 
eral stripe extending from groin midway to 
arm insertion; oblique lateral stripe continu- 
ing as series of small white or cream spots 
to above arm insertion in some specimens 
(e.g., LACM 42355, right side). Small, dif- 
fuse white or cream spots scattered on flank 
between oblique lateral stripe and wavy 
white or cream ventrolateral stripe extending 
between groin and midlevel of arm insertion 
(i.e., not passing above arm insertion). Dark 
brown supratympanic bulge demarcated by 
white or gray extending from eye across an- 
teroventral one-half or three-fifths of tym- 
panum to arm insertion. Face below eye 
white with extensive evenly stippled mela- 
nophores (dark brown in dark specimens, 
e.g., LACM 42464), often with white (i.e., 
free of melaphores), curved line immediately 
below eye. Line of white spots extended 
along entire upper lip. Loreal region brown 
or (usually) dark brown. 

Ventral coloration sexually dimorphic (fig. 
2). Adult males with black throats; black pig- 
mentation extending variably over chest and 
entire belly, with extent of black pigmenta- 
tion correlated with SVL (see fig. 4 for on- 
togeny of male ventral coloration). Females 
white or cream, immaculate or with faint 
brown or gray stippling scattered irregularly 
over throat, chest, and lateral belly. Juveniles 
immaculate white or cream. 

Dorsal surface of upper arm gray or pale 
brown, lacking transverse bands; anterior and 
posterior surfaces dark brown, forming dark 
brown longitudinal stripes, broken ventrally 
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by tiny white spots; ventrally white or cream. 
Dorsal, anterior, and posterior surfaces of 
forearm gray or pale brown with two dark 
brown transverse bars, one just above wrist, 
the other midway to elbow, often breaking 
up posteriorly to form irregular brown 
blotches; concealed surface of forearm white 
(free of melanophores; e.g., LACM 42344) 
or with variable brown and dark brown 
blotches. Palmar surfaces brown; contact sur- 
faces free of melanophores. Dorsal surface of 
hand white or cream with dark brown trans- 
verse bands on fingers. 

Dorsal surface of thigh gray or brown with 
two or three dark brown transverse bands 
that align (when limb is flexed) with two or 
three dark brown transverse bands on gray or 
brown outer surface of shank and two or 
three dark brown transverse bands on gray or 
brown outer surface of foot. Anterior surface 
of thigh gray or pale brown with well-de- 
fined dark brown longitudinal stripe; poste- 
rior surface gray or pale brown with dark 
brown mottling, with mottling often demar- 
cating an irregular pale oblique longitudinal 
line or elongate spot (e.g., LACM 42331). 
Ventral surface of thigh and concealed sur- 
faces of shank and foot immaculate white or 
cream. Plantar surfaces pale brown. Toe 
webs and fringes with very few scattered me- 
lanophores, mostly toward outer edges. 

COLOR IN LIFE: Philip A. Silverstone (field 
notes at LACM) described LACM 42325— 
42330 in life as follows: Iris gold with black 
network; small, close-set white dots along 
the upper lip; broad gold stripe from shoulder 
under eye to point midway to naris; dark 
brown longitudinal line along anterior sur- 
face of upper arm and along anterior surface 
of thigh; rest of thigh mottled dull orange 
and dark brown, with dark brown marks on 
dorsal surface of thigh; flanks very dark 
brown, almost black; two orange brown 
transverse bands on shank; white oblique lat- 
eral stripe fading into suffusion of white and 
gold midway along flank; spots on sides be- 
low oblique lateral stripe gold; back dark 
brown with a few very faint blackish spots; 
ground color of limbs above dull orange, al- 
most light brown; dark brown line on pos- 
terior surface of upper arm; dark brown mot- 
tling on posterior surface of forearm; dark 
brown transverse bands on upper surface of 
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Map of Panama and northern Colombia showing localities for specimens examined of Co- 


lostethus inguinalis (circles), C. latinasus (pentagons), and C. panamensis (squares). The checkered 
circle indicates the approximate locality of the holotype of C. inguinalis, which was reported only as 
‘the river Truando, New Granada’”’ (Cope, 1868: 138). 


forearm; entirely white ventrally, except a lit- 
tle grayish to pinkish on limbs; some indi- 
viduals (males) with black on throat, breast, 
and entire belly except extreme posterior 
part, leaving white stripe between flank and 
belly (i.e., ventrolateral stripe). 
DISTRIBUTION: Colostethus inguinalis oc- 
curs in the lowland forests of northwestern 
and northcentral Colombia up to 400 m ele- 
vation (fig. 5). It has been collected in north- 
ern Choc6 department, immediately north of 
the western Andean Cordilleras in Antioquia 
and Cordoba departments, and in the Mag- 
dalena Valley of Antioquia and Boyaca de- 
partments. Given the absence of any signifi- 
cant geological barriers, and assuming im- 
munity to anthropogenic habitat alteration 
and destruction, it is likely that C. inguinalis 
ranges continuously throughout this region. 


REMARKS: Without discussion, Cochran 
(1961: 71) listed USNM 4349 as “‘cotype’’; 
however, Cope’s (1868) description refers 
only to a single specimen. It seems that 
Cochran may have mistaken the reference to 
two specimens under USNM 4349 in the 
USNM ledger as indicating two type speci- 
mens, one of which had been misplaced; the 
second specimen originally cataloged as 
USNM 4349 was transferred to USNM 
122104 in 1946 and was determined by Jay 
Savage in 1966 to be Dendrobates auratus 
(Addison Wynn, in Jitt., 15 May 2003), so 
there is no question as to which specimen 
Cope described. 

Rivero and Serna (2000 °1995’’) named 
Colostethus cacerensis on the basis of 14 
specimens from Caceres in the lowlands of 
northern Antioquia, immediately north of the 
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western Andean Cordilleras. They described 
the species as having a swollen finger HI and 
gray throat in adult males, immaculate venter 
in adult females, finger I usually longer than 
finger II, small white spots along upper lip, 
pale ventrolateral and partial oblique lateral 
stripes, no dorsolateral stripe, and maximum 
SVL of 23.2 mm for males and 25.0 mm for 
females. In all regards* the description of C. 
cacerensis falls well within the variation ob- 
served in C. inguinalis. I have not examined 
the holotype of C. cacerensis, but I have ex- 
amined eight paratypes (see appendix 1) col- 
lected with the holotype and all are indistin- 
guishable from C. inguinalis, with the excep- 
tion that CSJ 1853 is C. pratti. In assigning 
this species to the synonymy of C. inguinalis, 
I therefore assume that the holotype is con- 
specific with the majority of the paratypes 
and not C. pratti—an assumption supported 
by Rivero and Serna’s explicit description of 
the holotype. 

Colostethus inguinalis is diurnal and all 
specimens were collected adjacent to 
streams. Recordings of the vocalizations of 
Colostethus inguinalis are unavailable, but 
Philip A. Silverstone described the call of an 
uncollected male perched on a rock next to 
a stream near Rio Napipi as a “high, loud 
chip-chip-chip-chip,’” with 113 calls in 40 
seconds, or 2.8 calls per second (7 May 
1968, P. A. Silverstone field notes). He de- 
scribed another male by a stream near Rio 
Opogado as producing 211 calls in 1 minute, 
followed by 410 calls in 2 minutes, or 3.5 
calls per second (13 May 1968, P. A. Sil- 
verstone field notes). Although data are too 
limited for detailed comparisons, this call 
rate of 2.8—3.5 calls per second differs from 
the rate of 1.0—1.3 calls per second reported 
for C. panamensis (as C. inguinalis) by Wells 
(1980a). 


Colostethus panamensis (Dunn, 1933) 
Figures 1B, 3B, 6, 7 


Ayloxalus panamansis Dunn, 1933: 69. Holotype: 
MCZ 19209. Type locality: ‘“‘E] Valle de Anton 


4 Although I describe the dark ventral coloration of 
adult males as black and not gray, this difference is 
merely semantic, as elsewhere Rivero and Serna (1989 
“1988”, e.g., p. 152) also refer to male C. inguinalis as 
having the throat uniform gray. 
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in the northwestern corner of the Province of 
Panama’’, Panama. 

Ayloxalus fuliginosus—Dunn, 1931: 393; Dunn, 
1940 (fide Breder, 1946: 405; Savage, 1968: 
ISL: 

Ayloxalus panamensis—Dunn, 1940: 109. Emen- 
dation (see Grant et al., in press, for petition to 
validate the emended spelling). 

Prostherapis inguinalis—Breder, 1946: 405; 
Dunn, 1957: 77 (part); Duellman, 1967: 39. 
Prostherapis panamansis—Duellman, 1966: 219. 
Phyllobates inguinalis—Evans, 1947: 167; Coch- 

ran and Goin, 1970: 59 (part). 

Prostherapis inguinalis panamensis—Heatwole 
and Sexton, 1966: 58. 

Colostethus inguinalis—Savage, 1968: 751 (part). 

Colostethus panamensis—NEW COMBINATION. 


DIAGNOsIS: A moderate-sized dendrobatid 
(males to about 27 mm SVL, females to 
about 28 mm SVL); finger HI swollen in 
adult males; venter immaculate or with faint, 
irregular stippling or mottling in adult males; 
throat conspicuously mottled or reticulated 
brown or gray in adult females; black arm 
band of adult males absent; testes white with 
varying degrees of brown reticulation; toes 
moderately webbed; pale dorsolateral stripe 
absent; pale oblique lateral stripe present, ex- 
tending from groin midway to eye; pale ven- 
trolateral stripe present; median lingual pro- 
cess absent; cloacal tubercles absent. 

Colostethus panamensis differs from C. 
inguinalis in being immaculate or having 
faint, irregular stippling or spotting ventrally 
in adult males (solid black on throat and ex- 
tending posteriad onto belly in C. inguinalis) 
and distinctly darker ventral coloration in 
adult females, either brown with irregular 
white spots forming a mottled pattern or 
white with a brown reticulated pattern (im- 
maculate or having faint, scattered stippling 
in C. inguinalis; compare figs. 2 and 6-7). 
The flank between the ventrolateral and 
oblique lateral stripes is solid dark brown in 
C. panamensis, whereas that region has scat- 
tered diffuse white spots and flecks in C. in- 
guinalis (most prevalent in females; fig. 3). 
The entire tympanum is dark brown in C. 
panamensis, whereas the anteroventral half 
of the tympanum is pale (white or gray) in 
C. inguinalis (fig. 3). The tympanum of C. 
Panamensis is inconspicuous and smaller 
(26—41% of eye length) than the well-defined 
and larger (32—47% of eye length) tympa- 
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Fig. 6. Ventral and dorsal views of Colostethus panamensis from El Valle de Anton, Panama. A: 
Adult female (AMNH 124217, 26.5 mm SVL). B: Adult male (AMNH 124216, 23.1 mm SVL). 
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Fig. 7. Ventral and dorsal views of Colostethus panamensis from Parque Nacional Natural Los 
Katios, Colombia. A: Adult female CAvH 3348, 28.2 mm SVL). B: Adult male (TAvH 3347, 24.3 mm 
SVL). 


num of C. inguinalis. Mean male SVL of the 
two species does not differ significantly (¢ = 
1.23, P = 0.2221), but the mean female SVL 
of 26.84 mm for C. panamensis is signifi- 
cantly greater than the 25.94 mm for C. in- 
guinalis (t = 2.98, P < 0.05). 


Among the other nine named species of 
Colostethus known to occur in Panama and 
the lowlands of northern Colombia, C. pa- 
namensis differs consistently from C. nubi- 
cola and C. talamancae in throat coloration 
of adult males (solid black in these two spe- 
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cies) and adult females (immaculate or faint- 
ly and irregularly stippled in these two spe- 
cies). It also differs from C. nubicola in adult 
SVL (maximum in C. nubicola is about 21 
mm for males and 22 mm for females) and 
having a partial pale oblique lateral stripe ex- 
tending from the groin midway to the eye 
(complete in C. nubicola). Colostethus pa- 
namensis also differs from C. talamancae in 
lacking a pale dorsolateral stripe (present in 
C. talamancae) and possessing a _ partial 
oblique lateral stripe (absent in C. talaman- 
cde). 

Colostethus panamensis differs from C. 
chocoensis and C. lacrimosus in toe webbing 
(extensive in C. chocoensis and C. lacrimo- 
sus), Swelling of finger III in adult males (not 
swollen in C. chocoensis and C. lacrimosus), 
ventral coloration Gmmaculate or irregularly 
and faintly stippled and not sexually dimor- 
phic in C. chocoensis and C. lacrimosus), 
and possession of a partial pale oblique lat- 
eral stripe (absent in C. chocoensis and C. 
lacrimosus); it further differs from C. lacri- 
mosus in lacking the median lingual process. 
Colostethus panamensis differs from C. flo- 
tator in adult male throat coloration (gray in 
C. flotator), adult SVL (maximum in C. flo- 
tator is about 18 mm for males and 19 mm 
for females), and in having more extensive 
toe webbing. It is diagnosed from C. imbri- 
colus by ventral coloration (entire venter 
black with pale spots in both sexes of C. im- 
bricolus) and the absence of discrete, bright 
orange axillary, inguinal, and shank flash 
marks (present in C. imbricolus). Colostethus 
panamensis differs from C. latinasus in de- 
gree of toe webbing (absent between all toes 
or barely detectable between toes HII and IV 
in C. latinasus), testis color (white, unpig- 
mented in C. latinasus), and male ventral 
coloration (throat and chest brown with 
white spots forming mottled pattern in C. la- 
tinasus, darker in adult males; see fig. 8). Co- 
lostethus panamensis differs from C. lynchi 
in that the pale oblique lateral stripe extends 
from the groin only midway to the eye (ex- 
tending to eye in C. lynchi). Colostethus pa- 
namensis and C. pratti differ in maximum 
adult SVL (maximum known in C. pratti is 
about 24 mm for males and 25 mm for fe- 
males), toe webbing (absent in C. pratti), and 
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female ventral coloration (immaculate white 
in C. pratti). 

MEASUREMENTS OF HOLOTYPE (IN MM): The 
holotype (MCZ 19209; fig. 1B) is an undis- 
sected adult male with well-developed vocal 
slits and third fingers strongly swollen along 
preaxial edges. SVL 24.5; forearm length 
from proximal edge of palmar tubercle to 
outer edge of flexed elbow 5.6; hand length 
from proximal edge of palmar tubercle to tip 
of third finger 6.4; shank length from outer 
edges of flexed knee to heel 10.5; foot length 
from proximal edge of outer metatarsal tu- 
bercle to tip of fourth toe 9.9; head width 
between angle of jaws 7.9; head length di- 
agonally from corner of mouth to tip of snout 
7.8; eye length from posterior to anterior cor- 
ner 3.6; eye to naris distance from anterior 
corner of eye to center of naris 2.3; distance 
between centers of nares 3.4; snout length 
from anterior corner of eye to tip of snout 
3.8; interorbital distance 2.6; greatest length 
of tympanum 1.2. 

MorPHOLoGyY: Adult males 18.8—27.1 mm 
SVL (WN = 47, x = 23.96 + 0.22 mm); testes 
almost invariably with brown reticulation (of 
40 males scored for right testis color, only 
right testes of IAVH 3347 and 3355 are 
white, but in both the left testis is brown). 
Subadult male AMNH 59655 19.5 mm SVL. 
Adult females 24.9—29.2 mm SVL (N = 24, 
x = 26.84 + 0.23 mm). Mature oviducts un- 
pigmented (white), strongly convoluted and 
swollen; mature ova dark brown, ca. 1.6 mm 
diameter. Nineteen subadult females 23.1— 
27.5 mm SVL, although, given the extensive 
overlap with adult SVLs, some or all of these 
may be reproductively inactive adults. 

Skin of dorsal and lateral surfaces smooth 
in preservative, except shanks with very low, 
inconspicuous granules. Postrictal tubercle 
elongate, poorly defined or absent in some 
specimens. Preaxillary tubercle absent, al- 
though supratympanic bulge extends close to 
insertion of arm. Head width between angle 
of jaws 31-37% of SVL, 1.0—1.2 times head 
length. Interorbital distance 27-37% of head 
width. Snout sloped, rounded in dorsal as- 
pect. Canthus rostralis well defined. Loreal 
region flat or weakly concave, vertical, not 
sloping to lips. Eye length 39—48% of di- 
agonal head length. Eye—naris distance 53- 
70% of snout length, 57-74% and 61-78% 
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of eye length in males and females, respec- 
tively. Nares slightly protuberant, directed 
posterodorsad. Tympanum small, poorly de- 
fined; tympanic membrane loosely attached 
to tympanic annulus; tympanic annulus con- 
cealed posterodorsally by overlying m. de- 
pressor mandibulae; greatest length of tym- 
panum 26—41% of eye length. Teeth present 
on maxillary arch. 

Hand length 23—29% of SVL and 1.0—-1.2 
times forearm length. Discs moderately ex- 
panded. Finger III conspicuously swollen 
along preaxial side; postaxial side rarely 
swollen (e.g., AMNH 98310). Preaxial side 
of finger I] bearing distinct fringe in both 
sexes but not swollen. Finger III not swollen 
in adult females or juveniles. Fingers fringed. 
Metacarpal fold present, forming small tu- 
bercle proximally in some specimens (e.g., 
AMNH 98310). Appressed finger I longer 
than finger II; finger IT extended to proximal 
edge of distal subarticular tubercle of finger 
III; finger IV extended to distal edge of distal 
subarticular tubercle of finger III. Relative 
finger lengths TW < IV <I < III. Subarticular 
tubercles 1—1—2—2. All tubercles strongly 
protuberant except diffuse distal subarticular 
tubercle of swollen finger HII in adult males; 
subarticular and thenar tubercles elliptical; 
palmar tubercle subcircular. 

Shank and foot length 40-47% and 37-— 
44% of SVL, respectively. Relative lengths 
of appressed toes I< IT << V < III < IV. Toe 
III extended to midlevel of antepenultimate 
phalanx of toe IV; toe V extended to middle 
of penultimate subarticular tubercle. Toe 
webbing moderate but highly variable; in 
some specimens, all toes fringed but webbing 
absent between toes I and IH and IV and V 
(e.g., holotype MCZ 19209); when present, 
webbing formula I 1 to 2>—2 to 2% If 1%- 
3~ to 3* II 2 to 2%-3 to 4 IV 3% to 4*-2 
to 2% V. Toes weakly to strongly fringed. 
Discs moderately expanded. Tubercles 
strongly protuberant except proximal tuber- 
cle of toe IV weak and poorly defined in 
some specimens (e.g., AMNH 17636). Su- 
barticular tubercles 1—1—2—3—2. Inner meta- 
tarsal tubercle elongate. Outer metatarsal tu- 
bercle subcircular, diameter roughly one-half 
length of inner metatarsal tubercle. Medial 
metatarsal tubercle present in all specimens, 
ranging from clearly defined, protuberant tu- 


NO. 3444 


bercle to inconspicuous swelling (see Myers 
et al., 1991: 23-24). Outer metatarsal fold 
present in all specimens, not forming tuber- 
cle. Tarsal keel prominent, weakly curved, 
expanded proximally but not forming tuber- 
clelike protuberance, continuous with inner 
metatarsal tubercle. 

COLOR IN PRESERVATIVE: Dorsum brown 
with dark brown blotches usually concen- 
trated medially. Pale dorsolateral stripe ab- 
sent. Flank dark brown, broken only by 
white or cream oblique lateral stripe extend- 
ing from groin midway to arm almost reach- 
ing arm insertion, broken anteriorly into 
elongate spots in some specimens (e.g., 
AMNH 124217, IAvH 3347). Ventrolateral 
stripe between groin and midlevel of arm in- 
sertion (i.e., not passing above arm insertion) 
white or cream. Entire otic region dark 
brown. Area below tympanum gray or pale 
brown, often with fine white or gray line or 
series of small spots extending from arm be- 
low eye and along brown or dark brown lip 
around tip of snout. Loreal region dark 
brown. 

Ventral coloration sexually dimorphic (fig. 
6). Adult males white or cream, immaculate 
or with faint brown or gray irregular stip- 
pling or mottling scattered over throat, chest, 
and lateral belly. Females darker than males, 
varying from white with brown or gray mot- 
tling or reticulation to brown with irregular 
white spots on throat, chest, and lateral belly. 
Dimorphism less marked in specimens from 
Cerro Azul. Juveniles immaculate white or 
cream. 

Dorsal surface of upper arm gray or 
brown, with or without a dark brown trans- 
verse band just near the elbow; anterior and 
posterior surfaces dark brown, forming dark 
brown longitudinal stripes (inconspicuous in 
some Colombian specimens), broken ven- 
trally by tiny white spots; ventrally white or 
cream. Dorsal, anterior, and posterior surfac- 
es of forearm gray or pale brown with one 
to three dark brown transverse bars or blotch- 
es; concealed surface white or cream. Palmar 
surfaces brown; contact surfaces free of me- 
lanophores. Dorsally fingers I and II mostly 
white or gray with brown blotches; fingers 
III and IV mostly brown with small white or 
gray blotches. 

Dorsal surface of thigh gray or brown with 
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two to four dark brown transverse bands that 
align (when limb flexed) with two or three 
dark brown transverse bands or blotches on 
gray or brown outer surfaces of shank and 
foot. Anterior surface of thigh gray or pale 
brown with well-defined dark brown longi- 
tudinal stripe; posterior surface gray or pale 
brown with dark brown mottling or dark 
brown with gray or pale brown spots; some 
specimens (e.g., AMNH 124216; see fig. 6) 
with distinct crescent-shaped pale gray or 
brown mark at base of thigh, extending dis- 
tad along posterior surface of thigh. Ventral 
surface of thigh and concealed surfaces of 
shank and foot immaculate white or cream. 
Plantar surfaces brown. Toe webs and fringes 
with extensive scattered melanophores. 

COLOR IN LIFE: Field notes made over the 
years by Charles W. Myers (KU and AMNH 
specimens) at widely scattered localities in 
Panama mention “‘golden yellow” or “‘gold”’ 
flash marks in the axilla, groin, and con- 
cealed surfaces of hind limbs, with these 
markings developing ontogenetically. For ex- 
ample, Myers described AMNH 98309-16 
as follows: “‘[adult males AMNH 98309-11] 
with bright, golden yellow flash marks, these 
markings being weak or faint in other spec- 
imens,”’ where the other specimens included 
two juveniles (AMNH 98315-—16), two sub- 
adult females (AMNH 98312-13), and one 
very small adult male (AMNH 98314). 

The ontogenetic development of flash 
marks was also indicated by Richard G. 
Zweifel, whose detailed color notes on 
AMNH 69845-—49 and 161570—79 are sum- 
marized as follows: Dorsal ground brown, 
usually fairly dark and sometimes with red- 
dish tinge; obscure darker dorsal markings 
present on all individuals; dark brown lateral 
band variably developed; lighter line sepa- 
rating dark brown lateral band from middor- 
sal lighter brown [= pale dorsolateral stripe] 
absent; light inguinal [= oblique lateral] 
stripe present in all specimens, usually reach- 
ing about half way from groin to axilla, with- 
in dark lateral band (not bordering it), yellow 
in groin and becoming whiter anteriorly in 
most specimens, entirely white or yellow in 
some specimens; larger specimens with a few 
white specks along upper lip, smaller speci- 
mens with white stripe on upper lip; bright 
yellow flash marks conspicuously present in 
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larger frogs, paler in smaller ones; ground 
color of chin [= throat], chest, and belly 
grayish white in all specimens; adults with 
mottling of darker gray on chin and/or chest, 
better developed in adults than in juveniles; 
lower surfaces of thigh clear grayish white 
in all but one specimen with very light yel- 
lowish tinge; juveniles with more yellowish 
tinge to ventral surface thigh; bright yellow 
flash marks in groin and hidden surface of 
shank, well developed and conspicuous in 
adults, scarcely suggested in juveniles. 

DISTRIBUTION: Colostethus panamensis oc- 
curs at elevations below 800 m throughout 
about the eastern two-thirds of Panama, in- 
cluding the provinces of Coclé, Colén, Da- 
rién, Herrera, Panama, and San Blas, and in 
extreme northwestern Colombia in the Par- 
que Nacional Natural Los Katios, Depart- 
ment of Choc6, near the Panamanian border 
(fig. 5). 

REMARKS: Both Dunn (1933) and Savage 
(1968) drew attention to slight differences 
between specimens from eastern and western 
localities. Dunn (1933) separated specimens 
from eastern localities as Hyloxalus [now 
Colostethus| fuliginosus on the basis of their 
slightly more extensive toe webbing. Without 
comment, Breder (1946) concluded that the 
eastern specimens were in fact Prostherapis 
[now Colostethus| inguinalis. Savage (1968) 
also concluded that the eastern Panamanian 
specimens were not C. fuliginosus (which he 
restricted to eastern Ecuador; see also Colo- 
ma, 1995), but he listed additional differenc- 
es between eastern and western samples, in- 
cluding distinctiveness of transverse bars on 
thighs, shank coloration, extent of dark mot- 
tling on throat, dorsal and flank coloration, 
extent of pale oblique lateral stripe, and adult 
SVL, as well as extent of toe webbing. Nev- 
ertheless, Savage (1968: 751—753) chose not 
to separate eastern and western populations 
as distinct species, arguing that specimens 
collected immediately east of the Canal Zone 
‘fare essentially intermediate between Darién 
and West Panama populations and support 
the concept that all three samples represent 
the same species.”’ 

Savage (1968) did not provide collection 
numbers for the relevant specimens, so it is 
difficult to examine his conclusions. The 
maximum SVLs reported here are smaller 
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than Savage’s (he reported 30 mm for males 
and 33 mm for females from Darién), and 
the available data (pooled for each sex) could 
not reject the hypothesis that eastern and 
western samples were drawn from the same 
population (for males t = 1.13, P = 0.2650; 
for females t = 0.30, P = 0.7707). The var- 
iation Savage reported in ventral coloration 
is likely due to sexual dimorphism, with fe- 
males ventrally darker and having a more 
distinctive pattern than males (figs. 6-7). 
Distinctiveness of transverse bars on thighs, 
shank coloration, dorsal and flank coloration, 
and extent of pale oblique lateral stripe all 
vary among the specimens examined, but the 
degree of within-sample variation encom- 
passes that reported by Savage. The degree 
of variation in toe webbing reported here is 
slightly greater than that given by Savage; 
however, it does not demarcate eastern and 
western samples and is almost fully encom- 
passed by within-sample variation. One of 
the specimens with the least webbing is the 
holotype (MCZ 19209) from El Valle de An- 
ton, whereas other specimens from El Valle 
de Antén have more extensive webbing (e.g., 
AMNH 124216). Also, the variation in web- 
bing does not seem to track elevation; for 
example, AMNH 161579 from Cerro Azul is 
one of the specimens with the most extensive 
webbing, whereas AMNH 161576 is part of 
the same series and has much less extensive 
webbing. As such, available data do not val- 
idate the recognition of samples from eastern 
and western localities as distinct species. 


COMMENTS ON THE IDENTITY OF 
COLOSTETHUS LATINASUS 


Based on the information in the species 
descriptions, it is likely that the original 
types of Colostethus latinasus and C. ingui- 
nalis were conspecific. The holotypes were 
both collected along the Rio Truand6 by Ar- 
thur Schott on the same expedition, and Cope 
(1868: 137) remarked on the closeness of the 
two taxa. Most differences reported by Cope 
do not stand up to scrutiny, either because 
they are observably false (e.g., his claim that 
the tympanum of C. inguinalis is concealed) 
or are encompassed by the variation ob- 
served among specimens of C. inguinalis 
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(e.g., size>). The sole difference that cannot 
be disconfirmed is found in the generic de- 
scriptions, where Cope stated that Colostet- 
hus (type species: Phyllobates latinasus) 
lacks an omosternum (“‘manubrium’’; Cope, 
1866: 130), whereas in Prostherapis (type 
species: Prostherapis inguinalis) the omos- 
ternum consists of “‘a bony style, with car- 
tilage disc’’ (Cope, 1868: 137). It was on this 
basis that Peracca (1904: 17) referred Bou- 
lenger’s (1898) specimens of C. latinasus to 
Prostherapis [now Colostethus| pulchellus. 
Unfortunately, the holotype of C. latinasus 
was lost as early as 1920 (Barbour and No- 
ble, 1920), so it is impossible to determine 
the veracity of Cope’s report. 

Regardless of the characteristics of the ho- 
lotype of Colostethus latinasus, Savage 
(1968: 755) designated the adult female 
USNM 50198 as neotype (30.3 mm SVL; 
fig. 1C). Inasmuch as this specimen is not 
conspecific with the holotype of C. ingui- 
nalis, both species are valid, leaving the 
problem of potential generic validity to be 
investigated further. Minimal dissection of 
KU 115910 by expanding an existing slit re- 
vealed that C. latinasus sensu Savage pos- 
sesses a fully developed omosternum (like C. 
inguinalis), but, as noted in the diagnoses 
above, C. latinasus differs from both C. in- 
guinalis and C. panamensis in toe webbing 
(absent between all toes or barely detectable 
between toes HI and IV in C. latinasus), ven- 
tral coloration (throat and chest brown with 
white spots forming mottled pattern, darker 
in adult males, lighter but still conspicuous 
in adult females; see figs. 1C and 8), and in 
having white (unpigmented) testes (based on 
adult male KU 94811). A further distinction 
may also be found in their ecology: C. lati- 
nasus is a nonriparian frog usually found on 
the floor of wet montane forest, including 
cloud forest, away from streams, whereas C. 
inguinalis and C. panamensis are riparian, 
occurring only in the immediate adjacency of 
streams. 

It should be noted that although Savage 


>In his description of Phyllobates latinasus Cope 
(1863: 44) reported measurements in cm (") and mm (’"), 
giving a length of 3 cm for the holotype. Measurements 
in the description of Prostherapis inguinalis were re- 
ported in lines, with 12 lines per inch; the length Cope 
(1868: 10) gave of 12.5 lines is then equal to 26.4 mm. 
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Fig. 8. Ventral and dorsal views of Colostethus latinasus. A: Adult female (KU 115910, 31.8 mm 
SVL). B: Adult male (KU 94811, 30.1 mm SVL). 
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(1968: 755) reported the neotype locality to 
be ‘‘Panama:Provincia de Darién:Cana’”’, 
these data appear to have been copied from 
the species index card and not the actual 
USNM catalog. According to Steve W. Gotte 
(in litt., 17 October 2000), 


The specimens were catalogued with Goldman’s Bi- 
ological Survey of Panama collection, however all 
four specimens (USNM 050197—050200) do not have 
field numbers (which the large majority of the col- 
lection has) and the collector column was clearly in- 
tentionally left blank. In the locality field “‘Panama”’ 
is clearly dittoed from the previous record, however 
““Cana’”’ is clearly NOT dittoed from the previous re- 
cord. 


Consequently, for nomenclatural purposes, 
the locality for the neotype can only be nar- 
rowed with certainty to Panama. 

Nevertheless, I examined three specimens 
(adult male KU 94811,° 30.1 mm SVL; sub- 
adult female KU 115909, SVL 28.0 mm; 
adult female KU 115910, SVL 31.8 mm; 
adults shown in fig. 8) collected by C. W. 
Myers in 1965 and 1966 in the Serrania de 
Pirre between 1100 and 1440 m elevation 
(fig. 5; see Myers, 1969 and 1982, for local- 
ity descriptions), and these agree in all re- 
gards with the neotype (fig. 1C). Also, the 
fact that the neotype was cataloged in the 
midst of a collection made by Edward A. 
Goldman is at least suggestive of a general 
locality. Goldman’s base camp was at the 
abandoned mines at Santa Cruz de Cana and 
he reached the summit of Cerro Pirre from 
there. Charles W. Myers (in litt., 27 June 
2003) doubts that C. latinasus occurs at Cana 
(at 500 m) but found it well above Cana on 
Cerro Pirre calling in the cloud forest above 
1400 m. It appeared to be less common on 
the northern end of the Serrania de Pirre in 
the ridge-top cloud forest at 1100-1230 m. 
The locality of the neotype of C. latinasus 
may therefore be cited as ‘“‘Panama, probably 
on Cerro Pirre above Santa Cruz de Cana, 
Darién Province’’. 

The other specimens of Colostethus lati- 
nasus that Savage (1968) reported were KU 
76827-76830, for which the locality is north- 
east of the Serrania de Pirre in the Serrania 


© This specimen was collected and cataloged with KU 
94810, which is missing, and 94812, which was de- 
stroyed (Juan Manuel Guayasamin, in Jitt., 13 October 
2003; 3 November 2003). 
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del Darién at 1400 m on Cerro Mali (see My- 
ers, 1969, and Myers and Lynch, 1997, for 
locality descriptions). I examined those spec- 
imens and AMNH 104653-—104656 from the 
same locality, and, although they share a 
number of character-states (e.g., webbing ab- 
sent, finger II] weakly swollen, testes white, 
incomplete pale oblique lateral stripe pre- 
sent), I conclude that they are not conspecific 
with C. latinasus. The specimens from Cerro 
Mali are considerably smaller (four adult 
males are 22.9—24.6 mm SVL; four adult fe- 
males are 25.5—26.4 mm SVL) and ventrally 
paler in both sexes than C. latinasus. Also, 
the available samples suggest that these spe- 
cies are isolated on separate mountain rang- 
es. Charles W. Myers (in Jitt., 27 June 2003) 
heard this species calling no lower than 1320 
m on Cerro Mali. Myers also heard a few 
individuals calling in wet forest at 1400 m 
on the southwest sector of the adjacent Cerro 
Tacarcuna during his ascent to a camp at 
1590 m. He did not see or hear this species 
in the forest at 1540—1660 m on Cerro Ta- 
carcuna, nor at 1400 m during the descent 12 
days later, although that expedition was made 
during relatively dry weather in January— 
February. This species will be named else- 
where. 


DISCUSSION 


Colostethus inguinalis is the second spe- 
cies of dendrobatid found in both the Chocé 
and Magdalena Valley regions of Colombia. 
The only other dendrobatid species known to 
occur in both areas is Dendrobates truncatus 
(Cope, 1861), although it is found predomi- 
nantly in the Magdalena/Caribbean region 
(area B of Lynch et al., 1997) with only mi- 
nor incursions into extreme northern Choc6é 
(Silverstone, 1975). Colostethus inguinalis is 
also found in northern Choc6 but extends at 
least as far south as about 6°45’N. Anurans 
generally do not lend support for the recog- 
nition of the single Chocé—Magdalena bio- 
geographic province proposed by Hernan- 
dez-Camacho et al. (1992), but sharing of 
species across these two regions is not en- 
tirely unexpected. Lynch and Suarez-Mayor- 
ga (2004) listed 14 typically Chocoan species 
that also extend into the middle Magdalena 
Valley, including Bufo haematiticus Cope, 
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1862, Centrolene prosoblepon (Boettger, 
1892), Eleutherodactylus gaigeae (Dunn, 
1931), and E. raniformis (Boulenger, 1896). 

Further evidence on the systematics of 
dendrobatids may be found in parental care. 
Among the species discussed in this paper, 
tadpole transport has been observed in Co- 
lostethus panamensis, C. flotator, C. nubi- 
cola, C. pratti, C. talamancae, and the un- 
described Colostethus sp. from Cerro Mali. 
Nurse frogs of C. panamensis (Wells, 1980b; 
Myers and Daly, 1983; AMNH 87293, 
98317-98318, ANSP 22358) and C. pratti 
(Wells, 1981; AMNH 107170, 107172) ap- 
pear to be exclusively female. Dunn (1940: 
109) reported male nurse frogs for both these 
species (as Hyloxalus fuliginosus and H. pa- 
namensis, respectively; see Breder, 1946), 
but this seems to have been in error. I was 
unable to find the specimen of C. panamensis 
(collected by George Lee on Santa Rita Mt. 
in 1936, according to Dunn), but the speci- 
men of C. pratti is ANSP 21800, which I 
determined to be a female. Both sexes have 
been reported to transport larvae in C. tala- 
mancae (Breder, 1946: 406—407, reported 
and figured adult male AMNH 51800 with 
eight tadpoles, sex confirmed by me; Sil- 
verstone, 1976: 8, reported CRE 901 [pres- 
ently at LACM] as an adult female nurse 
frog). In C. flotator (Wells, 1981; Ibafiez and 
Smith, 1995; Savage, 2002), C. nubicola 
(Wells, 1981; Ibafez and Smith, 1995; Sav- 
age, 2002; KU 76832, 115687), and Colos- 
tethus sp. from Cerro Mali (KU 76830) nurse 
frogs appear to be exclusively male. Insofar 
as all of these states have been observed 
throughout Dendrobatidae, their phylogenet- 
ic significance cannot yet be inferred, but 
they do provide additional evidence for spe- 
cies validity. 
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APPENDIX 1 


SPECIMENS EXAMINED 


The following list of specimens and localities 
only includes material central to the present study. 
Material examined for comparison is not listed. 

Colostethus inguinalis (N = 137): COLOM- 
BIA: Antioquia: Municipio Caceres, Quebrada 
La Ceiba, CSJ 1844, 1846-1847, 1852, 1854, 
1857-1858; Municipio Remedios, CSJ 205-207, 
966-969, 1417-1420, 1692; Municipio Remedios, 
400 m, UVC 7381; Puerto Berrio, MHUA 172, 
MHUA (PLA 26). Boyaca: Municipio Puerto Bo- 
yaca, Inspeccién de Policia Puerto Romero, Ve- 
reda La Fiebre, Quebrada la Fiebecita, ICN 
47962—47968. Chocé: River Truand6, USNM 
4349 (holotype); Upper Rio Napipi, 45 min by 
canoe below mouth of Rio Merend6 (tributary of 
Rio Napipf), ca. 60-90 m, LACM 42325-42332; 
trail between Rio Merend6 and Cerro Los Her- 
manos, LACM 42333; upper Rio Napipi, forested 
hills near river on left bank, 45 min by canoe 
below mouth of Rio Merend6, 60—200 m, LACM 
42334-42340, 43955; upper Rio Napipi, forested 
hills near river on right bank, LACM 42341- 
42344; upper Rio Opogad6, ca. 1 hr 45 min by 
canoe above mouth of Rio Merend6, LACM 
42345-42490, 42492-42495, 42497-42521; up- 
per Rio Opogad6, between locality of 14 May 
1968 [that of LACM 42345] and a point 1 hr 15 
min by foot above it, LACM 42522-42526; Se- 
rrania del Baud6, Camino de Salinas, trail be- 
tween Rio Yupe (tributary of Rio Opogad6) and 
Pacific coast, LACM 42528; trail between upper 
Rio Opogad6 and upper Rio Napipi, LACM 
42529-42530; Camino de Yupe, LACM 72003, 
72009-72010. Cérdoba: Municipio Tierralta, 
Alto Sind, Quebrada El Golero, 130—180 m, ICN 
39235-39236; Municipio Tierralta, Alto Sint, 
quebrada sin nombre, via Canfas Finas cerca a 
casa de Vierney, ICN 39237-39240; Municipio 
Tierralta, Alto Sind, Quebrada El Socorrer, 110— 
140 m, ICN 39241-39243. 

Colostethus latinasus (N = 4): PANAMA: 
USNM 50198 (neotype). Darién: SE slope Cerro 
Pirre, 1440 m, KU 94811; south ridge Cerro Ci- 


turo, Serrania de Pirre, 1100 m, KU 115909; north 
ridge Cerro Pirre, Serrania de Pirre, 1230 m, KU 
115910. 

Colostethus panamensis (N = 155): COLOM- 
BIA: Chocé: Parque Nacional Natural Los Katios, 
IAvH [IND-AN] 3337-3370, 6206, 6208—6209. 
PANAMA: Coclé: El Valle, AMNH 69832, 
69834-69835, 145344-145345, UMMZ 90655; 
El Valle, Rio Ant6én, +650 m, 87293-87297; El 
Valle, Rio Antén, 660 m, AMNH 124216- 
124217; El Valle de Anton, AMNH_ 50756, 
59655, 59657-59659, 145344—-145347, MCZ 
19209 (holotype); El Valle de Antén, 2000 ft, 
AMNH 55518-55530, 59654; El Valle de Anton, 
2000 ft, stream on N side, AMNH 55531; Middle 
Falls, El Valle, AMNH 52738-52739; La Mesa, 
El Valle, AMNH 59653; Continental Divide N El 
Copé, 600-800 m, 80°36'W, AMNH 98309— 
98318; 12 km N El Copé, UMMZ 147835; 6 mi 
NNW El Copé on Continental Divide, UMMZ 
167504; 6 mi NNW El Copé on Continental Di- 
vide at sawmill, UMMZ 167505, 167511; El 
Copé Cloud Forest, UMMZ 148794; Parque Na- 
cional El Copé, 700-800 m, SIUC 6928-6932. 
Colé6n: Rio Boquer6én about 2.5 km (airline) N 
Peluca Hydrographic Station, 150 m, AMNH 
89412. Darién: Chalichiman’s Creek, Rio Sucubti 
[Subcuti], above falls, AMNH 40538, 40540, 
40543; Chalichiman’s Creek, Rio Sucubti [Sub- 
cuti], Rio Chucunaque, AMNH 40895; Chalichi- 
man’s Creek, Rio Sucubtf [Subcuti], AMNH 
40914, 40916. Herrera: Jacinto [= El Jacinto, 
T°41'N, 80°47'W], 2250 ft, ANSP 22358. Pana- 
ma: Cerro Azul, AMNH 69845-69849, 161570— 
161579; near Boquerén, Candelaria and Peluca 
Stations, AMNH 53718; Cerro Campana, AMNH 
59648-59649, 59651, 69836-69844, 161566— 
161569; Cerro Campana, Posado San Antonio, 
UMMZ 124025 (10 specimens); Cerro Campana 
near the top 3000 ft, UMMZ 167457. San Blas: 
Atlantic drainage, Marsh Darién Expedition, 
AMNH 41100. 

Colostethus sp. (N = 8): Darién: Cerro Mali, 
1440 m, KU 76827—76830; Cerro Mali, 1400 m, 
AMNH 104653-—104656. 


